Presoaking several varieties of seed, especially lettuce, in various 6-(substituted) aminoand thiopurine solutions has been found to increase their rate of germination (3, 5, 6) . Recently it was also reported that these purine derivatives are synergistic with gibberellin in inducing these biological responses whereas gibberellin alone was only moderately active in stimulating germination of Early Curled Simpson lettuce seed (7, 8). The mode of biochemical action of these purine derivatives and gibberellin (2) in affecting the rate of germination is as yet unknown, although it has been observed that seed activation by white light is augmented by pretreatment of the seed with various 6-(substituted)purine solutions (6). Recently Miller (4) demonstrated that maximal purine-activation of Grand Rapids lettuce seed germination is somewhat dependent on the presence of light. The action spectrum for the influence of light on germination is not necessarily the same in the presence of 6-(substituted) purines as in their absence (1); far-red light initiates appreciable germination after pretreatment with kinetin, even though the far-red light is less effective than red light.
Presoaking several varieties of seed, especially lettuce, in various 6-(substituted) aminoand thiopurine solutions has been found to increase their rate of germination (3, 5, 6) . Recently it was also reported that these purine derivatives are synergistic with gibberellin in inducing these biological responses whereas gibberellin alone was only moderately active in stimulating germination of Early Curled Simpson lettuce seed (7, 8) . The mode of biochemical action of these purine derivatives and gibberellin (2) in affecting the rate of germination is as yet unknown, although it has been observed that seed activation by white light is augmented by pretreatment of the seed with various 6-(substituted)purine solutions (6) . Recently Miller (4) demonstrated that maximal purine-activation of Grand Rapids lettuce seed germination is somewhat dependent on the presence of light. The action spectrum for the influence of light on germination is not necessarily the same in the presence of 6-(substituted) purines as in their absence (1) ; far-red light initiates appreciable germination after pretreatment with kinetin, even though the far-red light is less effective than red light.
In the present paper, a study was made of the minimal contact time required for effective activation as initiated by presoaking lettuce seed in 6-benzylaminopurine solutions, or in a synergistic mixture of benzylaminopurine and gibberellin. The effect of the presence or absence of light on the rate of germination of pretreated lettuce seed also was determined.
MATERIALS AND METHODS
Lettuce seeds (Early Curled Simpson) were placed in the appropriate solution of 6-benzylaminopurine, gibberellin, or a combination of both in the presence of a dim blue safety light (fluorescent light filtered through 3 layers of du Pont MSC Dk. Blue cellophane), and quickly shaken to wet the seed. The seeds were then placed in the dark for the additional time period of soaking noted for each treatment. Seeds were removed from each solution tested after soaking for 1, 3, 10, 30 and 60 minutes, immediately washed 3 times with distilled water to remove any excess purine 'Received June 2, 1958. solution, and carefully blotted dry between pieces of filter paper. The seeds were then placed in Petri dishes containing filter paper wet with water, and allowed to germinate at 300 C in the dark for 24 or 48 hours. Approximately 100 seeds were used for each assay. The above procedure was repeated except that the source of light under which the mechanical operations were carried out was varied according to the conditions being studied, and in all of these experiments the seeds were presoaked for 1 hour. The light conditions studied included (a) "normal" conditions as above, (b) "reflected" blue light in which an opaque board was placed directly under the blue light source so that only a minimal amount of reflected blue light reached the seeds during the mechanical operations, (c) same as (b) except that after the seeds were placed in the Petri dishes they were exposed to 1 minute of far-red light from a 50-watt tungsten bulb filtered through 3 layers of du Pont 300 MSC red cellophane alternated with 2 layers of 300 MSC blue cellophane (3) prior to germination in the dark at 30°C , and (d) all of the mechanical operations were carried out in darkness so that the wet seeds were protected from any light exposure prior to the final reading after the germination period.
RESULTS AND DISCUSSION
It has previously been reported that it makes no appreciable difference in the ultimate percentage of lettuce seed germination whether the seeds are pretreated with the purine solution during the 1st or final hour of an 8 hour total presoaking treatment (8). It seemed of interest to determine the minimum length of time required for presoaking the seeds in these purine solutions to initiate germination activity. The results presented in figure 1 indicate that the activation is initiated in a relatively short period of time (1 min). Since the seeds were washed 3 times with water and blotted dry following the various treatment intervals, it seems unlikely that any appreciable amount of purine derivative remained in the water adhering to the outside of the seed coat. Lettuce seed does not imbibe sufficient water in these short intervals to promote maximal germination. For example, with seeds presoaked for 1 hour in water, about 32 % had germinated after 24 hours at 300 C even when exposed to white light. With seeds presoaked for only 10 minutes in a solution of 6-benzylaminopurine (3 ug/ml), 36 % had germinated at 300 C in the dark. With seeds pretreated in a solution containing both 6-benzylaminopurine (3 ug/ml) and gibberellin (100 ,ug/ml), germination reached 56 %. Gibberellin alone had no appreciable effect on germination under the conditions of this test.
The pretreated lettuce seeds will remain in an activated state for a relatively long period of time.
To demonstrate this effect, 4 groups of seeds were subjected to the pretreatment conditions indicated in table I, and then dried and kept in a vacuum desiccator for the time periods noted in the table. The seeds pretreated with either 6-benzylaminopurine or the synergistic combination of 6-benzylaminopurine and gibberellin, retained their germination activity when subsequently placed on filter paper wet with water for germination in the dark at 30°C. Treated seeds kept for about 1 month and then brought into contact with water exhibited essentially complete germination within 48 hours. Control seeds pretreated with water only, FIG. 1. Effect of presoaking time on germination of lettuce seed. Early Curled Simpson lettuce seeds were pretreated with the various solutions (BAP = 6-benzylaminopurine, GIB = gibberellin) for the indicated time period, carefully washed, and allowed to germinate in Petri dishes on filter paper wet with water at 300 C in the dark; 100 or more seeds were used in each assay. did not show enhanced germination under the same conditions.
Light has previously been reported to augment the effect of 6-(substituted)purines on increasing the rate of seed germination (4, 6) . About 50 % of the Early Curled Simpson lettuce seeds soaked in a physiologically active concentration of 6-benzylaminopurine germinated within 24 hours after prior exposure either to blue light or when maintained under complete darkness. However, far-red light augmented the germination of seeds pretreated with 6-benzylaminopurine so that nearly all such seeds germinated within 24 hours after treatment (table II) . Far-red light also augmented the rate of germination of seed pretreated with a synergistic mixture of 6-benzylaminopurine and gibberellin. Lowering the temperature of germination to 250 C caused an appreciable increase in the rate of germination and augmented the synergistic effect of purines and gibberellin in combination. Such alternate stimuli for augmenting the same biological response could serve as protective mechanisms to insure germination of a certain percentage of seeds even under unfavorable environmental conditions. SUMAIARY Presoaking Early Curled Simpson lettuce seeds in physiologically active concentrations of 6-benzylaminopurine or a synergistic mixture of the purine derivative and gibberellin for only 1 minute will significantly enhance germination, when the seeds are subsequently washed and placed in a dark germinator or at 30°C for 48 hours. This activation of germination is comparable to that observed by exposure of wetted lettuce seeds to red-light. The activation of purine-treated Early Curled Simpson lettuce seeds is augmented by far-red light; but, in contrast, there is no appreciable difference in the rate of germination of these seeds between treatments involving exposure to blue light or complete dark conditions during pregermination handling. The far-red light also augments the germi-nation of seed pretreated in a synergistic combination of 6- Auxins, particularly indoleacetic acid, are well known for their ability to influence the distribution of water and solutes within individual cells and in tissues or intact plants. Some of these effects have been attributed to changes in cell permeability resulting from auxin application (1, 2, 5, 6, 7, 8, 10) , and direct measurements of changes in uptake of water and solutes under the influence of externally applied auxins have been made (1, 7, 11, 13) . Most studies of this subject, however, have consisted of measurements of plasmolysis-deplasmolysis time in hyperand hypo-tonic solutions of various compounds, some of which were assumed to penetrate the cells readily, while others were assumed to be incapable of penetrating the cell 'Received for publication June 12, 1958. 2 under the conditions of the experiments. However, none of the literature available to us presents evidence for auxin effects on permeability based on actual measurement of solute uptake by cells under conditions which minimize or preclude secondary influences of the applied auxin on the measured quantity through changes in the metabolic activity of the cell. Since auxins are known to have profound effects on plant metabolism, experiments designed to measure changes in permeability due to auxins should eliminate as nearly as possible any influence of metabolism on the measurements made.
In these studies we have attempted to attain this objective by investigating the effect of 2,4-dichlorophenoxyacetic acid (2,4-D) on the uptake of radioactive-tracer-labeled compounds under conditions which provide for minimum metabolic use or accumulation of the tracer within the cell.
